INTRODUCTION
In this paper G is a simple and connected graph with vertex set V = V(G) and edge set E = E(G). The degree of a vertex v in G is the number of edges incident to v and denoted by d(v/G). The distance d G (u, v) between any two vertices u and v of a graph G is equal to the length of a shortest path connecting them. A line graph, L(G), is the graph whose vertices correspond to the edges of G and two vertices of L(G) are adjacent if and only if the corresponding edges in G are adjacent.
In chemical graph theory, a graphical invariant is a number related to a graph which is structurally invariant. These invariant numbers are also known as the topological indices. The well-known Zagreb indices are one of the oldest graph invariants firstly introduced by Gutman and Trinajstić [18] , where they examined the dependence of total π-electron energy on molecular structures, and this was elaborated on in [17] . For a (molecular) graph G, the first Zagreb index M 1 (G) and the second Zagreb index M 2 (G), are: For properties of the two Zagreb indices see [4] [5] [6] and the papers cited therein. In recent years, some novel variants of Zagreb indices have been put forward, such as Zagreb coindices [2, 10, 15] , reformulated Zagreb indices [20, 24] , Zagreb hyper index [3, 25] , multiplicative Zagreb indices [13, 30] , multiplicative sum Zagreb index [11, 28] , and multiplicative Zagreb coindices [29] , etc. The Zagreb coindices are defined as:
The Wiener index of G is denoted by W(G) and is defined by
The name Wiener index or Wiener number for the quantity defined in Equation (1) is usual in chemical literature, since Harold Wiener [27] in 1947 seems to be the first who considered it. Wiener himself conceived W only for acyclic molecules and defined it in a slightly different-yet equivalent-manner; the definition of the Wiener index in terms of distances between vertices of a graph, such as in Equation (1), was first given by Hosoya [19] . Eliasi et. al [12] , determined the Wiener index of some graph operations. The hyper-Wiener index of G is denoted by WW(G), and is defined as
Lukovits [23] derived formulas for the hyper-Wiener index of chains and trees which contain one trivalent or tetravalent branching vertex, and this index is studied by several authors in [1, 8, 16, 22] . Khalifeh et. al [21] , determined the hyper-Wiener index of graph operations. The degree distance of a graph G, DD(G), was introduced by Dobrynin and Kochetova [9] and Gutman [14] as a weighted version of the Wiener index, and is defined as
In this paper, we study of the Wiener, hyper-Wiener and degree distance indices of graphs based on operations related to the lexicographic, subdivision and total graph. For this purpose, we recall some operations on graphs in the following. The composition or lexicographic product of two connected graphs G 1 and G 2 , denoted by
are adjacent if and only if either u 1 is adjacent to u 2 or u 1 = u 2 and v 1 is adjacent with v 2 . For a connected graph G, there are four related graphs as follows:
(i) S(G) is the graph obtained by inserting an additional vertex in each edge of G. Equivalently, each edge of G is replaced by a path of length 2;
(ii) R(G) is the graph obtained from G by adding a new vertex corresponding to each edge of G and joining each new vertex to the end vertices of the corresponding edge;
(iii) Q(G) is the graph obtained from G by inserting a new vertex into each edge of G and joining those pairs of new vertices on adjacent edges of G;
(iv) T(G) is the graph with vertex set V(G) ∪ E(G) and adjacency in T(G) is defined as adjacency or incidence for the corresponding elements of G.
The graphs S(G) and T(G) are called the subdivision graph and the total graph of G, respectively.
Based on the lexicographic product of two connected graphs G 1 and G 2 , Sarala et al. [26] , introduced four new operations on these graphs.
Let F ∈ {S, R, Q, T}. The F-product of G 1 and G 2 , denoted by
Sarala et al. [26] determined the Zagreb indices of F-product of G 1 and G 2 where F ∈ {S, R, Q, T}, and Dehgardi et. al [7] computed the leap Zagreb indices of these graphs.
We will use the following results.
Theorem 1 ([7]
). Let G 1 and G 2 be two connected graphs, and let
Theorem 2 ([15] ). Let G be a graph with n vertices and m edges. Then
Theorem 3 ([15]
). Let G be a graph with n vertices and m edges. Then
Theorem 4 ([31]
). Let G be a graph. Then for any v, v ′ ∈ V(G),
Theorem 5 ([31] ). Let G be a graph. Then for any e, e ′ ∈ E(G),
WIENER, HYPER WIENER, AND DEGREE DISTANCE INDICES FOR F-PRODUCT OF GRAPHS
In this section, we consider F ∈ {S, Q, R, T}, and compute the Wiener, hyper Wiener, and degree distance indices for F-product of two connected graphs G 1 and G 2 . Let |V(G i )| = n i , and |E(G i )| = ε i for i = 1, 2. Throughout this section we assume that
Wiener index and hyper Wiener index
Theorem 6. Let G 1 and G 2 be two connected graphs, and let
Proof. By Theorem 1, we have
Theorem 7. Let G 1 and G 2 be two connected graphs, and let
Degree distance index

The case F=S
Theorem 8 ([26] ). If G 1 and G 2 are two connected graphs of orders n 1 and n 2 , respectively, and
Theorem 9. Let G i be a connected graph of order n i , and size ε i for i = 1, 2, and let G = G 1 [G 2 ] S . Then
Proof. Let e u be the corresponding edge to the new vertex u. We deduce from Theorems 1, 2, 3, 4, 5 and 8, that
and
. Therefore DD(G) = 2(n 2 − 1)(4ε 1 n 2 2 + ε 2 n 1 ) − 4n 2 ε 1 ε 2 + n 1 M 1 (G 2 ) + 2n 3 2 DD(G 1 ) + 4n 2 (ε 2 − n 2 2 )W(G 1 ) + 4n 2 2 (n 2 2 − ε 2 )W(L(G 1 )) + (2n 2 ε 2 + 2n 3 2 )W(S(G 1 )) + n 3 2 ∑ u∈V(G 1 ),v∈V(S(G 1 ))−V(G 1 ) d(u/G 1 )d S(G 1 ) (u, v).
The case F=R Theorem 10 ([26]
). If G 1 and G 2 are two connected graphs of orders n 1 and n 2 , respectively,
Theorem 11. Let G i be a connected graph of order n i , and size ε i for i = 1, 2, and let G =
Proof. Let e u be the corresponding edge to the new vertex u. By Theorems 1, 2, 3, 4, 5 and 10,
Then DD(G) = 2(n 2 − 1)(6ε 1 n 2 2 + ε 2 n 1 ) − 8n 2 ε 1 ε 2 + n 1 M 1 (G 2 ) + 2n 3 2 
The case F=T
Theorem 12 ([26] ). If G 1 and G 2 are two connected graphs of order n 1 , and n 2 , respectively, and let T(G 1 ) be the defined graph of G 1 such that u is the new vertex corresponding to the edge e u = ww ′ . Then in graph G = G 1 [G 2 ] T we have
Theorem 13. Let G i be a connected graph of order n i , and size ε i for i = 1, 2, and let G =
Let e u be the corresponding edge to the new vertex u. We deduce from Theorems 1, 2, 3, 4, 5 and 12, that
. and
The case F=Q
Theorem 14 ([26] ). If G 1 and G 2 are two connected graphs of order n 1 and n 2 , respectively, and let Q(G 1 ) be the graph obtained from G 1 by inserting a new vertex into each edge of G 1 , then joining with edges those pairs of new vertices on adjacent edges of G 1 . Suppose that u is the new vertex inserted at the edge e u = ww ′ . Then in graph
. Theorem 15. Let G i be a connected graph of order n i , and size ε i for i = 1, 2, and let G =
Let e u be the corresponding edge to the new vertex u. By Theorems 1, 2, 3, 4, 5 and 14, = n 3 2 (DD(G 1 ) + M 1 (G 1 )) + (W(G 1 ) + n 2 (n 2 − 1) 2 )(2M 1 (G 2 ) + 2M 1 (G 2 ) + 4ε 2 ) + n 3 2 ∑ u =v,u,v∈V(T(G 1 ))−V(G 1 ) [d(e u /L(G 1 )) + d(e v /L(G 1 )) + 4]d L(G 1 ) (e u , e v ) + n 3 2 ∑ u∈V(G 1 ),v∈V(Q(G 1 ))−V(G 1 ) [(d(u/G 1 ) + d(e v ))d Q(G 1 ) (u, v)] + 2n 2 ε 2 ∑ u∈V(G 1 ),v∈V(Q(G 1 ))−V(G 1 ) d Q(G 1 ) (u, v) = n 3 2 (DD(G 1 ) + M 1 (G 1 )) + 2ε 2 n 2 (2W(G 1 ) + n 2 (n 2 − 1)) + n 3 2 DD(L(G 1 )) + 4W(L(G 1 )) + n 3 2 ∑ u∈V(G 1 ),v∈V(Q(G 1 ))−V(G 1 ) [(d(u/G 1 ) + d(e u ))d Q(G 1 ) (u, v)] + 2n 2 ε 2 [W(Q(G 1 )) − W(G 1 ) − W(L(G 1 )) − n 1 (n 1 − 1) 2 ].
Hence, DD(G) = 2(n 2 − 1)(2ε 1 n 2 2 + ε 2 n 1 ) − 4n 2 ε 1 ε 2 + n 1 M 1 (G 2 ) + 2n 2 2 (n 2 − 1)M 1 (G 1 ) + n 3 2 (DD(G 1 ) + M 1 (G 1 )) + 2ε 2 n 2 (2W(G 1 ) + n 2 (n 2 − 1)) + n 3 2 DD(L(G 1 )) + 4W(L(G 1 )) + 2n 2 ε 2 [W(Q(G 1 )) − W(G 1 ) − W(L(G 1 )) − n 1 (n 1 −1) 2 ] + n 3 2 ∑ u∈V(G 1 ),v∈V(Q(G 1 ))−V(G 1 ) [(d(u/G 1 ) + d(e u ))d Q(G 1 ) (u, v)].
